Introduction
4,2':6',4''-Terpyridine (4,2':6',4''-tpy) ligands are increasingly popular as building blocks for the assembly of coordination polymers. 1 Easily functionalized in the 4'-position, 2 4,2':6',4''-tpy domains have significant potential for determining the outcome of the self-assembly processes. Reactions between zinc(II) halides and 4'-X-4,2':6',4''-tpy ligands typically yield one-dimensional polymers. Exceptions may (but do not always) 3 arise when the substituent X has additional coordination capacity. For example, when X = 4-pyridyl, a closed metallocapsule is obtained, 4, 5 and when X = CO 2 H, twoor three-dimensional networks may form. 6, 7, 8 Assemblies containing zinc(II) nodes can also be variously directed by the introduction of co-ligands. 8, 9 Interconnection of two 4,2':6',4''-tpy metal-binding domains in a ditopic ligand leads to twodimensional networks; the reaction of 1,4-bis(n-octyloxy)-2,5-bis(4,2':6',4''-terpyridin-4'-yl)benzene with ZnCl 2 yields corrugated two-dimensional (4,4) nets which interpenetrate in a 2D → 2D parallel manner. 10 We have previously reported the syntheses of ligands 1 11 and 2 12 2 (4'-X-4,2':6',4''-tpy)} 6 ] are persistent, albeit unexpected, motifs obtained in reactions between ZnCl 2 or ZnBr 2 and 4'-X-4,2':6',4''-tpy ligands. We originally observed this phenomenon with [{ZnCl 2 (4'-HC≡CC 6 H 4 -4,2':6',4''-tpy)} 6 ] 13 but later noted that the presence of an extended aromatic domain appeared to be important in favouring the assembly of a metallohexacycle over a polymer. 14 Several features of the metallohexacyclic arrays are of interest. Two conformers of metallohexacycle are observed: chair-like and barrel-like. Irrespective of conformation, in the solid state, hexamers nestle inside one another, forming infinite nanotubes supported by intermolecular face-to-face π-interactions. The large void space in the tubes makes these assemblies ideal targets for host-guest chemistry as illustrated by the capture of C 60 . 14 The face-to-face stacking interactions between the pendant naphthyl domains in 1 and C 60 are important in the assembly of [2{ZnCl 2 (1)} 
Results and discussion

Reaction of 1 with ZnCl 2 in the presence of anthracene or perylene
We have shown 14 (Fig. S1 †) . The data confirm the presence of 1,2-C 6 H 4 Cl 2 and the absence of guest anthracene molecules. The NMR spectra of dissolved complex and free ligand 1 suggest that the complexes dissociate in solution. However, we note that the data are not unambiguous since the small shift in the signal ≈ ∂ 8.5 ppm (assigned to proton H A3 , see Scheme 1) may be indicative of coordination of the outer pyridine ring to zinc(II). The products from both the anthracene-or perylenecontaining systems crystallized in the space group R-3 and, after SQUEEZE, had identical formulations of [{ZnCl 2 (1)} 6 ] and both lattices contain discrete metallohexacycles analogous to those previously described. 14 The lattice parameters of the two compounds differ (see experimental section), with the aand b-axes doubling from [{ZnCl 2 (1)} 6 ]-A to [{ZnCl 2 (1)} 6 ]-P while the c-axis remains approximately constant. We return to this observation later. The asymmetric unit in [{ZnCl 2 (1)} 6 ]-A contains one {ZnCl 2 (1)} unit and the molecule shown in Fig. 1a is generated by a 3-fold rotoinversion, yielding [{ZnCl 2 (1)} 6 ] in a barrel-like conformation. The asymmetric unit in [{ZnCl 2 (1)} 6 ]-P contains one {ZnCl 2 (1)} unit and one {Zn 3 Cl 6 (1) 3 } unit, defining two independent [{ZnCl 2 (1)} 6 ] molecules generated by 3-fold rotoinversion (Fig. 1b) or inversion (Fig. 1c) , respectively. It follows that the lattice contains three times as many of the latter than the former; we return to this in the discussion of packing.
Both possess the same conformation as [{ZnCl 2 (1)} 6 ]-A. Table  1 gives pertinent bond parameters; atom labelling is defined in Fig. 1 . Bond lengths and angles in the coordination spheres of the zinc(II) centres are unexceptional. The structures shown in Figs. 1a and 1b are very similar, and values of the cross-ring separations Zn1...Zn1ii (Fig. 1a) and Zn10...Zn10ii (Fig. 1b) Fig. 2b shows the face-to-face interactions between a centrosymmetric pair of tpy-C 6 H 4 -naphthyl domains in adjacent columns. These interactions replace the naphthyl intra-tube contacts found in previous examples of this family of complexes. 14 Fig. 2c illustrates that the tubular assemblies in [{ZnCl 2 Fig. 2a/2b ). However, it is clear from Fig. 3 2 (1)} 6 ]-A is significantly more porous that that of the metallohexacycles earlier reported. Fig.  3c shows the channels that run parallel to the a-axis; symmetry requires that a similar set of channels follows the b-axis. The structure of [{ZnCl 2 (1)} 6 ]-P (perylene-derived assembly) bears similarities to that of [{ZnCl 2 (1)} 6 ]-A, but differs in containing two crystallographically independent [{ZnCl 2 (1)} 6 ] units (see Fig. 1 and Table 1 ). The lattice consists of tubular arrays (parallel to the c-axis), each consisting of one or other of the two independent molecules resulting in a 3 : 1 ratio of crystallographically distinct tubes (Fig. 4a) . The columns interact through centrosymmetric pairings of tpy-C 6 H 4 -naphthyl domains (Fig. 4b) 
Reaction of 1 or 2 with ZnCl 2 in the presence of pyrene
In an extension of the study described above, a ZnCl 2 /MeOH solution was layered over 1/1,2-dichlorobenzene/MeOH separated by pyrene/1,2-dichlorobenzene. The product crystallized in the space group P-1 and proved to be the onedimensional coordination polymer [ZnCl 2 (1) ] n with an unexpected crenellated topology (Fig. 5) . Disordered solvent necessitated the use of SQUEEZE 19 to treat the reflection data.
The asymmetric unit (Fig. S3 †) contains four {ZnCl 2 (1)} units which define an up/up/up/down arrangement of the 4'-(4-(naphth-1-yl)phenyl) domains along the chain. Each Zn(II) centre is in a distorted tetrahedral environment. Bond lengths are unexceptional (caption to Fig. S3 †) , and the N-Zn-N bond angles for the four independent Zn atoms lie in the range 97.37 (14) The crenellated-chain structure observed in [ZnCl 2 (1) ] n is also found in [ZnCl 2 (2) ] n , crystals of which were grown in the presence of pyrene in an analogous manner to those of [ZnCl 2 (1) ] n . The asymmetric unit (in space group P-1) of [ZnCl 2 (2) ] n contains four independent tetrahedral zinc atoms (Fig. S4 †) . Bond distances are given in the caption to Fig. S4 (2) ] n , the interactions between the chains are different.
The face-to-face π-interactions shown in Fig. 6 for [ZnCl 2 (1) ] n are replaced by π-interactions between 4'-phenyl-4,2':6',4''-tpy domains in [ZnCl 2 (2) ] n (Fig. 7) . The pyridine rings containing Each of the one-dimensional coordination polymers in [ZnCl 2 (1) ] n and [ZnCl 2 (2) ] n contains repeat units that resemble three sides of a square box (Fig. 5) . This is particularly true in [ZnCl 2 (2) ] n where the unbridged Zn...Zn separation (13.420(1) Å) is close to the bridged separation on the opposite side of the 'square' (13.062(1) Å). The partial refinements of the latter two structures without the use of SQUEEZE allowed us to verify the presence of 1,2-dichorobenzene and pyrene molecules in the lattice, but these structures were not of publishable quality. The colourless plates in the crystallization tube of [ZnCl 2 (2) ] n were found to be of two crystallographically different types, the second crystallizing in the tetragonal space group P4 ഥ 2 1 c. In contrast to the triclinic coordination polymer, X-ray diffraction revealed the second set of crystals to be the discrete metallosquare [{ZnCl 2 (2)} 4 ] (Fig. 9a) . Although the structure quality is low, the gross features of the molecule are unambiguously defined. The asymmetric unit contains one {ZnCl 2 Fig. 10a illustrates the tight intermeshing of adjacent molecules in the tubular array. Fig. 10b illustrates the packing of tubes in the lattice. There are no π-stacking interactions either within a tube nor between adjacent tubes. The intra-and inter-tube cavities that follow the c-axis are filled with solvent molecules but their disorder prevented further insight into the role of guest molecules in the structure. 
From ZnCl 2 to ZnI 2
The structural diversity observed when ZnCl 2 reacts with 1, 2 or 3 appears to be a matter of environmental control. Layering of ligand/CHCl 3 and ZnCl 2 /MeOH solutions 14 seems to favour the assembly of metallohexacycles. The introduction of 1,2-dichlorobenzene as solvent and the addition of polycyclic aromatic potential guests leads to greater structural diversity including the metallosquare (Fig. 11) -(4-(3-chloropyridyl) )-4,2':6',4''-tpy)] n (Y = Cl or I) 13 and [ZnI 2 (4'-(4-pyridyl)-4,2':6',4''-tpy)] n . 5 As a consequence of this symmetry operation, the 4'-(4-(naphth-1-yl)phenyl) substituents all lie on the same side of the chain (Fig. 11) . The ligand-bridged Zn...Zn separations for the two chains are similar (12. 258 (1) and 12.433(1) Å). Chains A associate with one another through head-to-tail pairings of ligands 1 as shown in Fig. 12 . However, the mutual twisting of the rings within the ligand results in less than optimum face-to-face π-stacking (angles between the planes of naphthyl/phenylene, phenylene/pyridine-N2, pyridines N3/N2 and pyridines N1/N2 = 48.5, 57.6, 65.2 and 23.3 o , respectively). The space-filling diagram in Fig. 12b shows that the resulting assembly is a corrugated sheet propagating in the bc-plane. An analogous packing arrangement is observed for chains B, leading to two crystallographically independent, intermeshed corrugated sheets (brown and orange in Fig. 13 ). . CHCl3]n; solvent molecules are omitted.
Conclusions
By using layering methods at room temperature, reaction of ZnCl 2 (MeOH solution) with 1 (1,2-dichlorobenzene/MeOH solution) in the presence of either anthracene or perylene results in the assembly of discrete metallohexacycles [{ZnCl 2 (1)} 6 ]. At the molecular level, these are similar in the two complexes [{ZnCl 2 (1)} 6 ]-A and [{ZnCl 2 (1)} 6 ]-P; A and P signify the presence of anthracene or perylene, respectively. 1 H NMR spectroscopic data confirm that neither anthracene nor perylene are included as guest molecules in the structures and this is consistent with modelling of SQUEEZED electron density in the structures. The hexacycles stack into tubular arrays which are more open than those previously described for related complexes. 14 In the presence of pyrene, a one-dimensional coordination polymer [ZnCl 2 (1) ] n assembles; this exhibits a crenellated topology replicated in the polymer [ZnCl 2 (2) ] n . In the latter case, competitive formation of the discrete metallosquare [{ZnCl 2 (2)} 4 ] is observed, the latter being structurally related to a unit in the crenellated chain. In both coordination polymers, pyrene is incorporated as a guest along with 1,2-dichlorobenzene (used as a solvent in the crystallizations). The structure of a one-dimensional polymer [ZnI 2 (1) ] n has been determined; head-to-tail pairings of ligands between adjacent chains is the primary packing interaction and leads to the assembly of corrugated sheets.
